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(57) The invention relates to a medical device for 
use under MRI conditions, comprising a body Z! 
-og para and/or ferromagnetic materia? The^ra a Sr 
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Description 

The invention relates to a medical device such as a 
catheter, balloon, graft and stent, which is introduced 
into the body of a patient either temporarily or for a 
longer period of time for the purpose of treatment and/or 
investigation. Mae particular, this invention relates to a 
device which can be made visible under NMR^ondi- 
tions. 

It is known to make such a device visible by means 
of ferro or paramagnetic materials. The ferrb or para- 
magnetic materials disturb the magnetic field in the 
NMR device in a controlled manner, as a result of which 
they become visible on the accessory imaging device. 

The object of the invention is to further improve 
such a medical device, in particular to improve its visibil- 
ity when using magnetic resonance imaging. 

This aim is achieved with the device as character- 
ised in daim 1 . As a result the controlled disturbance of 
the magnetic field is substantially independent of the 
position the elements concerned take up in relation to 
the magnetic field lines in the magnetic field. The entire 
device is consequently, as is the object, properly and 
uniformly, visible. As each separate element is. inde- 
pendent of position, visible in the proper manner, the 
device in its entirety, or at least the section which com- 
prises the elements, is clearly visible. It makes no differ- 
ence if the medical device, when it has an oblong 
shape, extends in the direction of the magnetic field 
lines or is at right angles to them. With a uniform distri- 
bution of the ferro or paramagnetic material, such an 
elongated device would be badly visible when it extends 
in the direction of the magnetic field lines, whereas the 
disturbance of the field could be too strong when it 
extends at right angles to the magnetic field lines as a 
result of which the device could 'outshine' the adjoining 
areas. 

The measure as set out in claim 2 is preferably 
errployed. As a result it is prevented that elements posi- 
tioned in proximity to one another mutually reinforce the 
affect on the magnetic field, so that also a resulting 
directional dependency is avoided. 

Additionally, an advantageous embodiment is char- 
acterised in daim 3. Preferably the measure as set out 
in claim 4 is however employed. 

A suitable embodiment of the device according to 
the invention is characterised in daim 5. The body sec- 
tions can for instance be determined during the extru- 
sion of the basic body by means of the controlled supply 
of plastic material comprising para and/or ferromagnetic 
material, alternated with plastic material free of those 
materials. Another suitable embodiment is character- 
ised in daim 6. Thus it can be ensured in a relatively 
simple manner that the elements are received in the 
basic body evenly distributed and at the required dis- 
tance from one another. 

Yet another favourable embodiment is character- 
ised in daim 7. When injection moulding the body, a 
processing temperature is chosen which is higher than 



the melting temperature of the basic plastic material of 
which the body has been made but lower than the 
higher melting temperature of the plastic material com- 
prising the para and/or ferromagnetic material. Conse- 
quently these granules remain received in the matrix of 
the basic plastic material as separate elements. 

Another suitable embodiment is characterised in 
daim 8. The bore holes can for instance be arranged in 
required positions by means of laser. 

Paramagnetic materials which can be errployed in 
a suitable manner are characterised in claim 9. 

Suitable ferromagnetic materials have been char- 
acterised in daim 10. 

The invention will be explained in greater detail in 
the following description with reference to the attached 
drawings, in which a number of examples of embodi- 
ments of the device according to the invention have 
been illustrated. 
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Figure 1 1 
Figure 12 
45 Figure 13 
Figure 14 
Figure 15 
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shows a partly cut away end of a tube-like 
device according to the invention, 
shows the cross-section along the line ll-ll 
of figure 1 . 

shows a view of another embodiment cor- 
responding to figure 1 . 
shows the cross-sectional view along the 
line IV-IV of figure 3. 

shows yet another embodiment of a tube- 
like device according to the invention, 
shows a cross-section along the line VI-VI 
of figure 5. 

illustrates schematically an important 
aspect of the invention, 
shows a wire provided with elements, 
shows a partly broken away view of an 
end of a tube-like device according to the 
invention, wherein the wire of f igure 8 has 
been employed in a reinfordng layer, 
shows a cross-section along the line X-X 
of figure 9. 

shows a view of an alternative version of 

an embodiment corresponding to figure 9. 

shows a cross-sectional view along the 

line XII-XII of figure 11. 

shows a partly cut away view of an end of 

yet another embodiment. 

shows a cross-section along the line XIV- 

XIV of figure 13. 

shows a partly broken away view of a 
device according to the invention in the 
form of a balloon. 
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The device 1 as shown in figure 1 is for instance an 
end-section of the tube-like basic body 2 of a catheter. 
This basic body 2 comprises a lumen 3 extending 
through it in a longitudinal direction. 

As can be seen in figures 1 and 2. the basic body 2 
is made up of a nurrtoer of body sections 4. 5. 6. 7 com- 
prising para and/or ferromagnetic material alternated 
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with sections 8 which are made of basic material. The 
sections 4, 7 may for instance have been received in the 
basic material 8 by means of an injection moulding 
process. During injection moulding, the supply of basic 
material 8 and the suppfy of the material of which the 5 
sections 4-7 are made, is in that case switched on and 
off alternately. 

The sections 4-7 provided with para and/or ferro- 
magnetic material have a dimension in the longitudinal 
direction of the basic body 2. which is substantially w 
equal to the diameter thereof. Thus these sections form 
elements which have substantially equal dimensions in 
three directions at right angles to each other. 

As a result the disturbance of a magnetic field such 
as the one used with magnetic resonance imaging is 
(MRI), caused by each of the separate elements, is at 
least virtually independent of the position these ele- 
ments take up in this magnetic field. In other words, 
whether the centre lines of the elements 4-7 run parallel 
to the magnetic field lines or are at right-angles to them, 20 
the disturbance of the magnetic field and consequently 
the visibility on the screen of the resultant artefact 
remains more or less the same. 

The same is true for the device 10 of figure 3. Also 
in this case the elements 1 1 , 12, 13. 14 comprising the 25 
para and/or ferromagnetic material are alternated with 
sections 15 made of basic material. The elements 11- 
14 have also in this case a length which is substantially 
equal to the diameter. 

Additionally the elements 13, 14 which are posi- 30 
tioned more towards the end of the device 10, have a 
greater density of para and/or ferromagnetic material, 
so that they are more clearly visible on the screen of the 
MRI-device. 

The relative distance between the elements 4-7 of 35 
the device 1 and the elements 11 -14 of the device 10 is 
substantially such, that there is at least practically no 
magnetic interaction between the adjoining elements. 
With the embodiment of figure 1 the relative distance 
between the elements is at least equal to the length and 40 
the diameter of each of the elements 4-7, which is to say 
at least equal to the substantially equal dimensions of 
these elements in three directions at right angles to 
each other. With a suitable concentration of the para 
and/or ferromagnetic material in the elements known as 45 
such, the relative affect on each other is very small, so 
that the elements function as separate elements also 
where magnetic conditions are concerned. 

With a stronger magnetic action of the elements, for 
instance as the result of a certain choice of material or so 
because of a higher concentration of the para and/or 
ferromagnetic material, a greater distance between the 
separate elements will be necessary in order to limit the 
magnetic interaction. 

With the device 20 shown in figure 5, the basic ss 
material 22 of the basic body 21 is provided with a great 
number of spherical elements 23 comprising para 
and/or ferromagnetic material. Because of the spherical 
shape, the disturbance of the magnetic field is also with 



these elements independent of the position they take up 
in the field. 

The elements 23 may have been received in the 
basic material 22 when forming the basic body 21 by 
means of extrusion or injection moulding. In that case 
the elements are granules of a plastic material compris- 
ing the para and/or ferromagnetic material, which has a 
melting temperature which is higher than the melting 
temperature of the basic material 22. Thus the elements 

23 can be received as substantially solid particles in a 
flow of liquid basic material 22. Mixing the particles 23 
into the basic material 22, in which case the basic mate- 
rial 22 is also in granular form, can already be done in a 
cold state. By mixing the different granules properly, an 
even distribution of the elements 23 in the basic mate- 
rial 22 can be achieved. During the extrusion or injection 
moulding process, a temperature is chosen at which 
only the granules of basic material 22 will melt. The 
granules 23 will remain received in the liquid flow of the 
basic material 22 in the form of more or less solid parti- 
cles. 

Figure 7 shows schematically the importance of a 
suitable distance between the elements 23. With the 
dashed and dotted line 24, an area surrounding each 
element 23 has been indicated, over which the mag- 
netic field in an MRI device may be considered to be dis- 
turbed by this element 23. When the elements 23 would 
be positioned close to each other, so that these areas 

24 would overlap to a significant degree, the two ele- 
ments 23 concerned would, from a magnetic point of 
view, fuse together as it were so as to form one elon- 
gated element, as a result of which the intended effect 
would be negated. As can be seen in figure 7, the ele- 
ments 23 should preferably be arranged at such a dis- 
tance from one another, that there is no magnetic 
interaction of significance between the adjoining ele- 
ments 23. 

The invention can also be employed in a suitable 
manner with a device according to the invention in the 
form of a catheter provided with a braided reinforcing 
layer. Such a catheter has been illustrated schemati- 
cally and in a partly broken away view in figure 9. 

The catheter 30 is made up of a first tube-like inner 
layer 31 , which has for instance been extruded around a 
mandrel which has been removed afterwards. Around 
this inner layer 31 a reinforcing layer of wires 33. 34 has 
been braided. For the sake of clarity only two wires are 
shown in figure 4, but in the usual manner there may be 
a great number of wires. Next an outer layer 32 may be 
extruded around this braided reinforcing layer, so that 
the reinforcing layer is enclosed by the inner layer 31 
and the outer layer 32. 

As can be seen in greater detail in figure 8, the wire 
34 of the catheter 30 is provided, at equal distances, 
with elements 35 which are substantially spherical and 
consequently have equal dimensions in three directions 
at right angles to one another and comprise para and/or 
ferromagnetic material. The elements 35 may for 
instance be arranged around the wire 34 by means of 
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an extrusion process. Another possibility is to attach the 
elements 35 as drops of hardening material comprising 
the magnetic material to the wire 34. When the material 
has hardened, the wire 34 can be incorporated in the 
catheter 30. s 

Even when, with the embodiment of figure 9, the 
elements 35 are positioned so close together that there 
is a magnetic interaction between the adjoining ele- 
ments, a good directional independency is achieved 
after all as the elements 35 will be positioned on a heii- io 
cal line. In particular when this helical line has a pitch 
angle of 45°, sections of this helical line which are 
arranged on either side opposite each other will always 
be placed at right angles to one another, so that there 
always will be sections of the helical line which are posi- is 
tioned at right angles to the magnetic field. 

With the device 40 of figures 11 and 12, a braided 
layer has been co-extruded of which at least one wire 42 
carries the elements 43 made of para and/or ferromag- 
netic material. The device 50 of figure 13 comprises a 20 
tube-like basic body 51 . This basic body 51 is made up 
of a tube-like inner body 52, and arranged around it, an 
outer layer 53. In the tube-like inner layer 52 a number 
of holes 54 have been formed by means of a laser 
device. These holes 54 are preferably arranged on a 2s 
helical line. In the holes 54 formed, elements 56 have 
been fitted which either comprise or are made of para 
and/or ferromagnetic material. The elements 56 are 
temporarily fixed in the holes 54. for instance by means 
of glueing. Next the inner layer 52, thus provided with 30 
elements 56, is passed through an extrusion device and 
provided with an outer layer 53, which consequently 
encloses the elements 56 in the holes 54. 

The device according to the invention may be any 
medical device which is received for a shorter or longer 35 
period of time inside the body of a patient and of which 
the position has to be visualized by means of MRI. In 
addition to tube-like catheters such devices may be 
stents or grafts. 

Another possible embodiment of such a device is a 40 
balloon, such as the balloon 60 shown in figure 1 5. This 
balloon is arranged on a catheter, and by means of the 
latter, advanced to the correct position inside the body 
of the patient 

With the embodiment of figure 15 the balloon 60 45 
comprises an outer layer 61 and an inner layer 62, 
which layers 61. 62 are connected to each other by 
means of a layer of glue 63. The layer of glue 63 com- 
prises in this case evenly distributed granular particles 
of para and/or ferromagnetic material or material com- so 
prising such material. By properly mixing the glue and 
the magnetic material, the elements of magnetic mate- 
rial formed by these granules can be enclosed in 
between the outer layer 61 and the inner layer 62 of the 
balloon 60, placed at a suitable distance from one ss 
another, so that the balloon 60, independent of the 
direction of the magnetic field, can be made property 
visible when using the MRI device. 

Suitable materials of which to make the elements 



referred to above are for instance paramagnetic materi- 
als such as dysprosium and gadolinium and alloys and 
salts of these materials. Ferromagnetic materials which 
are preferably used are iron, nickel, cobalt and alloys of 
these materials. The concentration of the para and/or 
ferromagnetic material used in the elements may vary 
from 0.001% in the case of strong ferromagnetic mate- 
rials to 100% by weight The concentration of the mag- 
netic material in the elements received in the device 
can, as described above referring to the figures 3 and 4, 
vary according to the position of these elements in the 
device. Thus it is possible to make for instance the distal 
end-section of a catheter more, clearly visible than its 
more proximalty located elements. 

Claims 

1 . Medical device for use under MRI conditions, com- 
prising a body containing para and/or ferromagnetic 
material, wherein the para and/or ferromagnetic 
material has been received in separate elements 
which have substantially equal dimensions in three 
directions at right angles to each other. 

2. Device as claimed in daim 1 , wherein the relative 
distance between the elements is substantially 
such, that there is at least almost no magnetic inter- 
action between adjoining elements. 

3. Device as claimed in claim 2, wherein the relative 
distance is at least equal to the substantially equal 
dimensions in three directions at right angles to 
each other. 

4. Device as claimed in claim 2, wherein the relative 
distance is at least equal to twice the substantially 
equal dimensions in three directions at right angles 
to each other. 

5. Device as claimed in one of the previous claims, 
wherein the body is tube-like and the elements are 
body sections of which the length is sifcstantiaily 
equal to the diameter. 

6. Device as claimed in one of the previous claims, 
wherein the body comprises a reinforcing layer 
made of wires and the elements are attached to at 
least one of the wires at certain distances from 
each other. 

7. Device as claimed in one of the previous claims, 
wherein the body has been made by extrusion or 
injection moulding of a plastic material, and the ele- 
ments incorporated in it are granules of a plastic 
material comprising the para and/or ferromagnetic, 
material which has a higher melting temperature. 

8. Device as claimed in one of the previous claims, 
wherein the elements have been received in bore 
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holes which have been formed in the wall of the 
body. 

9. Device as claimed in one of the previous claims, 
wherein the paramagnetic material has been cho- s 
sen from the group comprising dysprosium, gado- 
linium and alloys and salts of those materials. 

10. Device as claimed in one of the previous daims. 
wherein the ferromagnetic material has been cho- w 
sen from the group comprising iron, nickel, cobalt 
and alloys of those materials. 
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